Summary. During the first 3 days of development of the rabbit embryo, carbon fixed from CO2 accumulated in the embryos and culture medium and increased as development proceeded.
INTRODUCTION
The condensation of C02 with pyruvate and its entry into the tricarboxylic acid (TCA) cycle as malate or oxaloacetate is an important process in the energy metabolism of the preimplantation mouse embryo (Quinn & Wales, 1971) . Although there has been no actual measurement of this process in the preimplantation rabbit embryo, Fridhandler (1968) (Brinster, 1969) . Two-cell mouse embryos develop to the blasto¬ cyst stage in medium containing pyruvate or lactate and the addition of either of these substances to medium containing low levels of amino-nitrogen increases the proportion of two-cell rabbit embryos developing to the morula stage (Brinster, 1965a (Brinster, , 1970 . In addition, the embryos of both species develop in bicarbonate-buffered medium (Brinster, 1963 (Brinster, , 1970 . From these similarities, one might expect to find that the fixation of C02 occurs in the rabbit as well as the mouse embryo.
The incorporation of fixed carbon from 14C-labelled C02 has been measured in cultured rabbit embryos during the first 3 days of preimplantation develop¬ ment. To assess the contributions of energy pools to metabolic turnover, the embryos were cultured in substrate-free medium or medium which contained either glucose or pyruvate plus lactate. Because of the technical difficulties encountered in culturing large embryos in the system used to measure the fixation of C02, no investigations beyond the commencement of blastocoele formation in the rabbit embryo were attempted. The rôle of C02 fixation might not be expected to change greatly at these later stages of development as studies of glucose metabolism in preimplantation rabbit embryos have in¬ dicated that during blastocyst expansion there is essentially only a quantitative change in metabolism in the embryo (Quinn & Wales, 1973b) .
MATERIALS AND METHODS

Collection and culture of embryos
For each replicate, 60 to 100 embryos were obtained from female rabbits of an albino laboratory strain which had been induced to superovulate as previously described (Quinn & Wales, 1973b) . Embryos collected on the day after induction of ovulation and insemination (Day 1) were at the one-and two-cell stage. Eight-to sixteen-cell stages and morulae were recovered from donors on Days 2 and 3, respectively.
The basic medium used was a modified Krebs-Ringer bicarbonate solution containing 1 mg bovine serum albumin/ml, 60 µg penicillin/ml and 50 /ig streptomycin/ml. When energy substrates were added to this medium, isotonicity was maintained by adjusting the NaCl content. Medium containing 25 mM-DL-sodium lactate and 0-25 mM-sodium pyruvate was used to flush the embryos from the reproductive tracts of the donor animals (Brinster, 1965b) . The embryos were washed twice (2 ml/wash) in substrate-free medium and then cultured for 24 hr at 37°C in 20-µ1 drops ofmedium (twenty embryos/drop) containing 14C-labelled NaHC03 with a gas phase of 5% 14C02 in air (Wales, Quinn & Murdoch, 1969) . The specific activity of the sodium bi¬ carbonate varied between 6-5 and 12-0 µ /µ in different experiments.
The embryos were cultured in substrate-free medium or in media which contained either 5-56 mM-glucose or 0-5 mM-sodium pyruvate plus 10 mM-DLsodium lactate as substrate sources. The levels of pyruvate and lactate used are Recovery of embryos and fractionation of samples After culture for 24 hr, embryos which had developed were removed from the drops of culture medium and collected by centrifugation (Wales & Biggers, 1968) . Embryos up to and including the morula stage were centrifuged through isotonic sucrose whereas non-radioactive medium was used during the collection of early blastocysts (Wales & Whittingham, 1970) . The total amount of C02 fixed in developing embryos was estimated, using a sample of three to five embryos. The remaining embryos were saved for extraction of metabolic products. The embryos were removed from the broken tip of the centrifuge tube, acidified with 0-1 ml of 2 N-H2S04 and left overnight in a sealed beaker which contained NaOH to absorb any C02 liberated by the acidification. The samples were then neutralized with 0-1 ml of 2 N-NaOH and stored at -20°C until extracted.
Aliquots of the media in which the embryos had been cultured were acidified and treated in a similar fashion to the embryos to remove any C02 which had not reacted. After neutralization, the amount of radioactivity in a 20-to 25-µ1 sample was assayed to assess the total incorporation of fixed carbon. The remainder of this medium was saved for fractionation. In an initial trial, oneand two-cell embryos which had been killed by incubation for 30 min in substrate-free medium containing 10% formalin had no significant uptake of label or fixation of label into the medium after incubation at 37°C for 24 hr in radioactive bicarbonate. Therefore, control samples of medium in which no embryos had been cultured were used to correct for residual background radioactivity in the samples of culture medium.
Before fractionation of embryos and media, a 50-µ1 aliquot of sheep serum was added as carrier. The samples were then fractionated into acid-soluble, protein and lipid fractions by the method described by Wales & Whittingham (1970) . Cold 2-5% (v/v) perchloric acid was used to extract the acid-soluble fraction and lipids were removed from the acid-insoluble precipitate ('protein' fraction) with chloroform : ether (1:1, v/v). The acid-soluble fraction of all samples was further divided into acidic, basic and neutral portions by passage through columns of ion-exchange resins (see Wales & Whittingham, 1970 Radioactivity in all samples was assayed by liquid scintillation techniques using 5 ml Triton XlOO-toluene (1:2 v/v) containing 0-4% (w/v) 2,5-diphenyl-32 P. Quinn and R. G. Wales oxazole and 0-01% (w/v) 1,4 bis (4-methyl-5-phenyloxazol-2-yl) benzene for each 0-4 ml of aqueous sample.
Statistical analysis
All data relating to the accumulation of fixed carbon in the embryos and media were transformed to logarithms before analysis and the significance of the results was assessed by analysis of variance.
RESULTS
The development of rabbit embryos during culture for 24 hr in the presence of radioactive bicarbonate is given in Table 1 
(7) (7) (6) (6) The distribution of carbon fixed in the acid-soluble fraction of media is given in Table 5 . The amount of fixed carbon accumulating in the acidic, basic and neutral compounds increased with embryonic development. Most of this increase during culture of Day-3 embryos was due to incorporation of carbon into the acidic compounds. Large differences in the accumulation of carbon in the acidic and basic compounds were found between substrate-free medium and media containing energy substrates. Incorporation into the neutral com¬ pounds represented 20 % or less of the total carbon accumulated and there were no overall significant differences between the different media in the fixation of C02 into these neutral compounds.
The acid-soluble fractions of pooled replicates of culture media were chromatographed on columns of silicic acid to separate and identify carboxylic acids. The results are given in Table 6 . Although more than half of the acidsoluble carbon fixed into substrate-free medium following culture of one-and two-cell embryos was acidic in nature (Table 5) , labelled carboxylic acids could not be detected in this medium. In other media analysed, the percentage of acid-soluble carbon accumulating in the carboxylic acids amounted to 104+12% of the label designated as acidic after separation by ion-exchange resins. In most of these media, lactate was the major acid identified while pyruvate comprised 5 to 15% of the labelled acid-soluble material. At all stages of development, the accumulation of fixed carbon in both lactate and pyruvate was greater in medium containing lactate and pyruvate than in the other media. Labelled malate and citrate were also present in most media, the amounts increasing when Day-3 embryos were cultured. A small amount of radioactivity having a Chromatographie mobility equivalent to acetate was also detected in the extracts of the media.
DISCUSSION
The results obtained in this study demonstrate that the fixation of carbon dioxide is an active metabolic process in the rabbit embryo during the first 3 days of preimplantation development. Fridhandler (1968) has suggested that the fixation reaction does not play a very important rôle in the metabolism of the Day-6 rabbit blastocyst but his use of a phosphate-buffered medium with air as the gas phase may have been unfavourable for the fixation of C02. A non-carboxylic buffered medium with air as the gas phase favours the reversal of the reactions of C02 fixation resulting in the decarboxylation of inter¬ mediates such as oxaloacetate (see Paul, 1965) . The concentration of bicarbon¬ ate found in rabbit oviduct secretions (David, Brackett, Garcia & Mastroianni, CO2 fixation by rabbit embryos in vitro 37 1969) is similar to that used in modified Krebs-Ringer bicarbonate medium for the culture of mouse and rabbit embryos (Brinster, 1963 (Brinster, , 1970 (Brinster, 1970) whereas the mouse embryo cannot accomplish this until the eight-cell stage is reached (Brinster & Thomson, 1966; Wales & Whittingham, 1973 (Brinster, 1968a) , the amount of fixed carbon accumulating from C02 during culture in media containing pyruvate and lactate is approximately the same, at similar stages of development (Quinn & Wales, 1971 ). This observa¬ tion also suggests that the rabbit embryo relies less on the fixation of C02 than does the mouse embryo.
The accumulation of fixed carbon from C02 into the amino acids, aspartate and glutamate, is similar to that which occurs in the mouse embryo (Quinn & Wales, 1971 (1969) and Manes & Daniel (1969) , using the incorporation of labelled nucleosides and amino acids, report that during development of the rabbit embryo, the synthesis of RNA and DNA remains relatively constant during the first 2 days and then begins to accelerate just before blastocyst formation. This is followed some 35 hr later by an acceleration of protein synthesis. This pattern of macromolecular synthesis is similar to that found in the present study.
Even though a similar proportion of rabbit embryos develop in either sub¬ strate-free medium or media containing exogenous energy substrates, the amount of fixed carbon accumulating in both the embryos and culture medium is greater when energy substrates are present. This may be due to an increased metabolic turnover in the embryo in the presence of exogenous energy substrates, as suggested by Brinster (1970) . Another likely explanation for the increased amount of C02 fixed by the embryo in the presence of exogenous energy substrates is the trapping of radioactive compounds in unlabelled metabolic pools. Such a process could account for the high proportion of fixed carbon accumulated in medium containing pyruvate and lactate.
The accumulation of fixed carbon from C02 in acetate and pyruvate in the medium during culture of the rabbit but not the mouse embryo (Quinn & Wales, 1971 ) may reflect the higher levels oflactate dehydrogenase (E.C. 1.1.1.27) in the mouse as compared to the rabbit embryo (Brinster, 1968b) . This would tend to divert more carbon into lactate than either pyruvate or acetate in the mouse embryo. The increasing amount of fixed carbon found in both malate and citrate as development of the rabbit embryo progresses is similar to the situation found in the mouse embryo (Quinn & Wales, 1971) and suggests that the activity of the TCA cycle increases as embryonic development proceeds. The ratio of ATP to AD in the rabbit embryo decreases with increasing embry¬ onic development (Brooks & Lutwak-Mann, 1971 ; P. Quinn and R. G. Wales, unpublished data). As suggested for the mouse embryo (Quinn & Wales, 1973a) , this probably also indicates an increase in the activity of the TCA cycle in the rabbit embryo as development of the embryo progresses.
The accumulation of carbon from C02 in the protein fraction of the media in which Day-3 embryos were cultured may be due to the accumulation of labelled macromolecules in the blastocoele fluid of these embryos and sub¬ sequent diffusion of these compounds into the culture medium.
